We have studied photon production in heavy-ion collisions at intermediate energies in the Molecular Dynamics approach, where the radiation amplitudes have been derived from the many-body dynamics in the classical bremsstrahlung formalism. This concept allows for a comparison of cross sections obtained by coherent and incoherent summation of amplitudes. The numerical results show a significant enhancement of the coherent cross section for photon energies below 40 MeV due to the dynamical influence of the nuclear mean field. 25.70.-z The study of electromagnetic radiation from heavyion collisions at intermediate energies [1][2][3][4][5] has attracted attention recently since the photon yield is not as seriously affected by absorption phenomena and final state interactions as is the case for pions, and therefore can serve as unambiguous probe of the reaction dynamics. One of the primary aims of heavyion physics is to deduce the nuclear equation of state from observable phenomena, such as transverse flow, pion yield, etc.; and a detailed understanding of the dynamical evolution in the reaction appears to be an essential prerequisite for this endeavour. Moreover, in the region of intermediate bombarding energies, one would like to learn about the relative importance of the influence of the average field of all nucleons on some specific nucleon in comparison to that of hard collisions of that nucleon with other nucleons. Photon production may be a significant source of information in this respect, because it can be strongly enhanced due to the correlated action of several nucleons. As is known, e.g. from atomic physics, the yield from N correlated emitters of electromagnetic radiation can be enhanced by up to a factor N as compared with the yield from uncorrelated sources.
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The study of electromagnetic radiation from heavyion collisions at intermediate energies [1] [2] [3] [4] [5] has attracted attention recently since the photon yield is not as seriously affected by absorption phenomena and final state interactions as is the case for pions, and therefore can serve as unambiguous probe of the reaction dynamics. One of the primary aims of heavyion physics is to deduce the nuclear equation of state from observable phenomena, such as transverse flow, pion yield, etc.; and a detailed understanding of the dynamical evolution in the reaction appears to be an essential prerequisite for this endeavour. Moreover, in the region of intermediate bombarding energies, one would like to learn about the relative importance of the influence of the average field of all nucleons on some specific nucleon in comparison to that of hard collisions of that nucleon with other nucleons. Photon production may be a significant source of information in this respect, because it can be strongly enhanced due to the correlated action of several nucleons. As is known, e.g. from atomic physics, the yield from N correlated emitters of electromagnetic radiation can be enhanced by up to a factor N as compared with the yield from uncorrelated sources.
Several theoretical models have been developed to date to predict photon production yields. They range from nucleus-nucleus bremsstrahlung [6] , thermal emission [7] [8] , cooperative emission from virtual clusters [9] , nucleon-nucleon bremsstrahlung in the Boltzmann master equation approach [10] , to nucleon-nucleon bremsstrahlung in the time-dependent Hartree-Fock [11] or the Boltzmann-Uehling-Uhlenbeck approach [12] .
In the present calculation we have used the Molecular Dynamics (MD) approach [13] , which provides a description of the full N-body time evolution of the many-nucleon system in configuration and in momentum space. This model for the collision dynamics should be well suited for the description of photon production, because the emission of photons is determined by the two-body Wigner function [14] . The MD model is based on the numerical integration of Hamilton's equation of motion for N interacting Gaussian wave packets, and is supplemented by hard two-body scattering with Pauli suppression. The initial conditions for the N=Ar+A e nucleons in the projectile and in the target are chosen in a way which yields a smooth density distribution and obeys the Pauli principle. The centroids of the Gaussians evolve on trajectories under the action of the forces from all other nucleons. The interaction potential of the nucleons is taken as a combination of two-and three-body Skyrme contact potentials and long-range Coulomb and Yukawa potentials. The long-range interactions are of prime importance for the cluster dynamics in the final stage of the reaction. The expectation value of the interaction potential may be written in the form (1) where the numerical parameters ~,/3, y provide a connection with the nuclear equation of state.
Hard two-body scattering also occurs, when the distance between the centroids of two Gaussians is less than the range d = ]//~/rc of the geometrical cross section a. The Pauli blocking of the two final nucleon momenta is incorporated via an Uehling-Uhlenbeck phase space factor (1 -f/)(1 -f~) 1-13], where the phase space density is calculated from the N overlapping Gaussians. For our calculations the dynamical system was evolved with a timestep A t = 0.4 fmc-~ up to an elapsed time of 160 fme-1. We have investigated the stability of our results with respect to an improved time resolution of A t = 0.2 fmc -1 and found that the results are practically independent of A t.
We have based our calculation of photon emission on the classical bremsstrahlung formalism, which allows a parameterfree calculation. Since the use of radiation cross sections would explicitly rule out possible interference and coherence effects, we have used the more fundamental radiation amplitudes. In the following we frequently make use of the terms coherent and incoherent. This is not meant to indicate that a specific production process is coherent or incoherent. We rather use them as technical terms that describe the method by which the cross section is obtained from the basic amplitudes: If we assign to the i-th nucleon a complex radiation amplitude Ai(n, t) at time t with the unit vector n in the direction of emission, we can consider the following cases:
Wtot(n, co, b)= E E j Ai(n, t)
We want to point out that, for the high density and rapid time evolution of heavy-ion collisions, the coherent summation is a priori indispensable. Only a subsequent comparison of the results can show, whether incoherent summation would have been sufficient.
Then a suitably defined "degree of coherence" can be used to classify the production processes. In order to calculate the amplitudes, we have used the classical bremsstrahlung formula 1-15]
We want to emphasize that using this formula the maximal information about moving classical electrical charges is obtained, for example proton-proton quadrupole radiation and retardation effects are included. Note that this is not the "soft-photon" approximation studied in the context of thermal models [8] . Radiation from moving magnetic moments was not regarded in the present calculation, hence the contribution from the trajectories of neutrons is exactly zero, though the neutrons contribute via their interactions with the protons to the photon production. If the nucleon i moves during the time interval ti < tv < tf on its trajectory without a two-body collision, we obtain the resulting path amplitude in the coherent case
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If one employs the nonrelativistic dipole approximation instead of formula (4), proton-proton collisions give a vanishing corltribution because of the exact cancellation of the individual amplitudes 9 Energy conservation, which is important especially at the high-energy end of the photon spectrum, is easily incorporated if incoherence is assumed 9 In this case, i.e. (3), the emission process is considered to be terminated at the end of each time interval. Since the kinetic energy of a nucleon changes only little over a single interval, the condition imposed by energy conservation is that the photon energy must not exceed the kinetic energy of the nucleon (or in
